Abstract We report on a search for short-period intensity variations in the green-line (Fe xiv 530.3 nm) emission from the solar corona during the 21 August 2017 total eclipse viewed from Idaho in the United States. Our experiment was performed with a much more sensitive detection system, and with better spatial resolution, than on previous occasions (1999 and 2001 eclipses), allowing fine details of quiet coronal loops and an active-region loop system to be seen. A guided 200-mm-aperture Schmidt-Cassegrain telescope was used with a stateof-the-art CCD camera having 16-bit intensity discrimination and a field-of-view (0.43
) that encompassed approximately one third of the visible corona. The camera pixel size was 1.55 arcseconds, while the seeing during the eclipse enabled features of ≈ 2 arcseconds (1450 km on the Sun) to be resolved. A total of 429 images were recorded during a 122.9 second portion of the totality at a frame rate of 3.49 s . In the analysis, we searched particularly for shortperiod intensity oscillations and travelling waves, since theory predicts fast-mode magneto-hydrodynamic (MHD) waves with short periods may be important in quiet coronal and active-region heating. Allowing first for various instrumental and photometric effects, we used a wavelet technique to search for periodicities in some 404, 000 pixels in the frequency range 0.5 − 1.6 Hz (periods 2 second to 0.6 second). We also searched for travelling waves along some 65 coronal structures. However, we found no statistically significant evidence in either. This negative result considerably refines the limit that we obtained from our previous
Introduction
Despite many years of theoretical and observational investigations, the basic physical mechanism (or group of mechanisms) responsible for the global coronal heating remains the subject of much debate (see, e.g., De Moortel and Browning, 2015; van Ballegooijen, Asgari-Targhi, and Voss, 2017 , and references therein). However, the most widely recognized candidates for the dominant heating mechanism are a direct current (DC) type and alternating current (AC) type. The DC mechanism is based on numerous small reconnections of the highly filamentary coronal magnetic field, giving rise to nanoflares (Levine, 1974; Parker, 1988; Pontin and Hornig, 2015; Pontin et al., 2017) . Such local reconnections could be triggered by the random shuffling of flux-tube footpoints, forced by macroscopic motions of dense plasma in the convection layer and photosphere (Levine, 1974; Parker, 1988) . The AC mechanism is based on numerous smallscale episodes of local energy dissipations carried to the corona by Alfvén and other magnetohydrodynamic (MHD) waves due to ion viscosity or electrical resistivity (Hollweg, 1982; Williams et al., 2001; Klimchuk, 2006; De Moortel and Nakariakov, 2012; Matsumoto, 2018) . MHD waves possibly dissipate energy in the loop-like magnetic structures over a range of spatial scales, although these may be smaller than the resolution limit of present-day instruments (Porter, Klimchuk, and Sturrock, 1994; Cargill and Klimchuk, 1997; Kudoh and Shibata, 1999; Jess et al., 2015) .
Generally, the efficiencies and occurrence of both mechanisms are defined by local plasma parameters, field topology, and the evolution of numerous small flux tubes filling the solar corona. Individual nanoflares are hypothesized to dissipate energies of the order of 10 17 J per event (Parker, 1988; Sarkar and Walsh, 2008) , which are below the detection limits of current solar instrumentation. Hudson (1991) pointed out that the observed energy distribution of very small flares, which has a power-law form (E −n , E = flare total energy), indicates that nanoflares must have a power-law index n > 2 to be significant for coronal heating. Observations (Krucker and Benz, 1998; Parnell and Jupp, 2000; Aschwanden, 2004) do indeed indicate this to be true, although the estimated total energy flux released by the nanoflares appears to be about a factor of three smaller than that required (300 J m
) for the heating of the quiet corona. Numerous searches for intensity or velocity oscillations in the solar corona at low frequencies have been made. Wave heating may be an important contributor or even dominate in some regions of open magnetic fields, where magnetic reconnections cause particle acceleration rather than heating of the plasma volume (Rudawy et al., 2004) . The low-frequency (≈0.002 -0.01 Hz) Alfvén and Alfvénic waves observed by Jess et al. (2009) , sufficient to power the solar wind and constituting a significant part of the solar corona energy budget (Kosugi et al., 2007; Tsuneta et al., 2008) . Tomczyk and co-workers (Tomczyk et al., 2007; Tomczyk and McIntosh, 2009 ), using the ground-based Coronal Multi-Channel Polarimeter (CoMP) instrument on a coronagraph, detected low-frequency (≈ 0.003 Hz) velocity waves propagating along active-region magnetic loops. However, the energy flux transported by these oscillations was estimated to be only 0.01 J m −2 s −1 (Tomczyk et al., 2007) . Low-frequency (≈ 0.002 -0.006 Hz) transverse waves have also been observed in the corona by Threlfall et al. (2013) and Morton, Tomczyk, and Pinto (2015) . In addition, eclipse and coronagraph observations (e.g. Koutchmy et al., 1994; Cowsik et al., 1999) have revealed significant oscillations, but in the frequency range 0.003 -0.014 Hz, which are (as with the Tomczyk et al. waves) ineffective in coronal heating.
Theoretical work has shown that high-frequency MHD waves (with frequencies > 0.5 Hz) could effectively transport energy into the solar corona (e.g. Porter, Klimchuk, and Sturrock, 1994 ). The energy dissipated might give rise to periodic or quasi-periodic intensity variations, in particular in coronal visiblelight emission lines such as the green line (Fe xiv 530.3 nm) or red line (Fe x 637.4 nm). Attempts to detect such variations have been summarized by Rudawy et al. (2004 Rudawy et al. ( , 2010 and Pasachoff (2009) . Briefly, the evidence remains equivocal, with the 2006 total eclipse observations of Singh et al. (2009) of intensity variations in coronal loops at frequencies between 0.037 -0.05 Hz in both the green and red lines perhaps providing the strongest detection to date.
Our observations with the Solar Eclipse Coronal Imaging System (SECIS) for eclipses in 1999 and 2001 have been analyzed in detail by Rudawy et al. (2004) , Williams et al. (2001) , and Rudawy et al. (2010) . Rudawy et al. (2004) , using wavelet analysis, found numerous maxima with > 4σ significance in the 0.1 -1.0 Hz power spectra of green-line observations obtained for the 1999 eclipse observed in Bulgaria, although stricter statistical tests cast doubt on their reality. Nevertheless, an extended wavelet analysis of the dataset showed some evidence of a travelling wave with frequency 0.16 Hz moving along a small active-region loop . Rudawy et al. (2010) analyzed an improved data set obtained during the 2001 eclipse observed from Zambia. Some 11,000 individual locations were examined using both classical Fourier and wavelet software; no statistically significant period, in the range 0.06 -10 Hz, was found among these locations. However, the CCD cameras employed in both the 1999 and 2001 eclipses, although state-of-the-art when manufactured in 1997, had effectively only a ten-bit capacity giving a dynamic range of only 1000:1. Furthermore, the spatial sampling, determined chiefly by the pixel size, was only 4 × 4 arcseconds.
Although much more sophisticated space instrumentation is now available than was the case for the 1999 and 2001 eclipses, it remains true that spacebased imaging cadences (e.g. those of the Atmospheric Imaging Assembly (AIA) on board the Solar Dynamics Observatory: Lemen et al., 2012) are still too low to search for high-frequency (≈1 Hz) intensity variations. Hence there is a need to obtain high-quality, high-cadence imaging data with ground-based instruments. In addition, the solar corona is far better observed from the ground during total solar eclipses than with a ground-based coronagraph, since for the latter there remains significant atmospheric scattering of light from the solar disk.
Here we report on the results of a search for high-frequency brightness variations in the Fe xiv 530.3 nm coronal green line, using data collected during the 21 August 2017 total solar eclipse by a team from Queen's University Belfast (UK), the University of Wrocław (Poland), and the Natural History Museum in London (UK). In the following, Section 2 describes in detail the instrumental setup used for the observations, and Section 3 the observing site. Criteria adopted for the selection of the target region are summarized in Section 4, observation procedures in Section 5, corrections for motions and coalignment of the images in Section 6, and the photometric analysis of the data in Section 7. Results and conclusions are given in Section 8.
Instrumentation
Versions of the instrumentation, based on the original SECIS design, have been used by us during the total solar eclipses in 1999 and 2001 to search for brightness oscillations in the corona (Phillips et al., 2000; Williams et al., 2001; Rudawy et al., 2010) . The instrument used for the 21 August 2017 eclipse consisted of three main components: i) a 200 mm f/10 Celestron C8S XLT SchmidtCassegrain telescope to provide an image of the eclipsed Sun; ii) the SECIS optical box forming two images of the solar corona in white-light and the Fe xiv 530.3 nm green coronal line; iii) a pair of fast-frame Andor CCD cameras. All components were connected by a rigid optical bench installed on a SkyWatcher EQ-8 drive mounted on top of a heavy tripod. The complete instrument was tested before the expedition with night-time observations of the full Moon at the Astronomical Institute in Wrocław.
An image of the solar corona, formed by the telescope, was projected into the SECIS optical box, which consisted of a collimating lens, a pellicle beam splitter, narrow-band (green-line) and neutral-density filters, and two output lenses (see, e.g., Phillips et al. (2000) ; Rudawy et al. (2010) for details). The beam splitter has a 90 % transmission in the direct-line path and 10 % in the reflected path. The direct-line beam passed through a narrow-band filter centred on the Fe xiv 530.3 nm green line, and it was then focused on to an Andor iXon3 885 CCD 16-bit monochrome camera. The narrow-band interference filter centred on 530 nm was prepared by Barr Associates, Inc., and it was selected as the best from a sample of three, using transmission measurements taken in March 2017 with a spectrophotometer at the Technical University of Wrocław. The maximum filter transmittance was measured to be at a wavelength of 529.95 nm, and the bandpass width (FWHM) of 0.43 nm; this bandpass includes the laboratory measured (air) wavelength of Schnorr et al. (2013) . The Andor camera has 1004 × 1002 square pixels of dimensions 8 × 8 µm . The reflected-path beam of the system recorded white-light images, which formed a "control" for the analysis of the green-line images. This beam passed through a neutral-density filter with transmission 6.3 %, and images of the whitelight corona were recorded with an Andor Zyla 5.5 sCMOS 16-bit monochrome camera, consisting of 2560 × 2160 square pixels with dimensions 6.5 × 6.5 µm 2 . The spatial dimensions in the white-light channel were 1.27 arcsecond per pixel (927 km), yielding an FoV of 0.90
• × 0.76
• . Thus, a larger portion of the corona was imaged as compared with the green-line images. Optical components of both the direct-line and reflected paths were installed in a rigid, light-tight aluminium box, and both CCD cameras were fixed directly to the box. The spatial resolution of the white-light channel, which is nominally marginally better than that of the green-line channel, was in fact comparable, as there was slight degradation due to atmospheric seeing.
The instrument used was much improved over the instruments used by us in the 1999 and 2001 eclipses, which had only a 1000:1 dynamic intensity range and spatial resolution of 4 arcseconds per pixel. The lower frame rate of our images led to intensity levels of the emitting structures that were higher by a factor of over 50 than those obtained with the 2001 eclipse version of our instrument.
Observing Site
The instruments were installed on a flat, grassy meadow in the Park Creek Ranch, located about 10 km north of Stanley, a small settlement in the mountain region of Idaho, USA, at W114
• 56 ′ 24 ′′ ; N44
• 13 ′ 12 ′′ , 1906 m above sea level. This observing site was pre-selected as a region having a high probability of clear sky, and with easy access and convenient living quarters. The Park Creek Ranch occupies the bottom of a very wide and flat valley in the Rocky Mountains, near Salmon River. Apart from a few trees and bushes, there were no local obstacles in front of the instrument, and the horizon was defined by the distant Rocky Mountains. The elevation of the Sun during the totality (at 17:29 UT or 11:29 local time) at the observing site was 46
• 48 ′ , with azimuth 128
Target Selection
The level of solar activity on 21 August 2017 was generally low. Only two active regions were present on the solar disk on the day of the eclipse: an extensive active region (NOAA 12671) of βγ magnetic type, located near disk centre, and a compact β-type active region (NOAA 12672) near the east limb at N05E61. The corona above the eastern limb included a bright and extended loop system associated with active region AR 12672, brighter than other structures detected above the western limb, so the east limb was selected as the target. Figure 1 (upper panels) shows the corona above the east limb in the Fe xiv green-line obtained with our instrument, as well as the corona above the circumference of 
Eclipse Observations
After delivery to the observing site, the whole system was assembled and adjusted, and the equatorial drive was aligned the night before the eclipse using stars as light sources. The computers and monitors were protected from direct solar illumination before and after totality using the shade of the transportation container, which was also employed as our observing station. During the days preceding the eclipse, the weather at the observing site was perfect, and forecasts for the eclipse-viewing conditions were good. On the day of the eclipse and during totality, the sky to the north-west of the observing site was partially covered with scattered clouds. In addition, a transparent layer of fairly uniform mist was just perceptible above the observing site towards the Sun.
Observations of the eclipse started just after first contact and continued until fourth contact. A pre-programmed solar tracking rate of the drive was applied. Before and after totality, the Sun was observed through a Baader filter (Mylar foil) to evaluate the long-and short-period stabilities of the telescope, as well as to collect flat-field and dark-current data. The Mylar foil was removed from the aperture of the telescope just after the final Baily's beads disappeared on the east limb, at second contact. Data recorded by both cameras during totality were displayed in real-time, allowing a coarse inspection of the telescope pointing. Exposure parameters selected for the green-line channel during the pre-eclipse trials on the full Moon were applied. The Mylar foil was removed in front of the aperture of the telescope just after the first Baily's bead was seen on the western limb at third contact. Data recorded by both cameras during totality were displayed in real-time, allowing a coarse inspection of the telescope pointing. Exposure parameters selected for the green-line channel during the pre-eclipse trials on the full Moon were applied. The Mylar foil was removed from the telescope aperture just after the first Baily's bead was seen on the western limb at third contact.
As a result, 429 well-exposed images of the solar corona in the green coronal line were recorded during a 122.9-second portion of the totality, starting from 7 seconds after second contact. According to the eclipse circumstances, calculated using the Solar Eclipse Computer provided by the Astronomical Applications Department of the US Naval Observatory, totality for the observing site was predicted to last 2 minutes 14.3 seconds, so our images covered ≈ 92 % of totality. The unprocessed images show a rather diffuse green-line corona over the eastern limb. However, the same images with enhanced contrast revealed many welldefined bright loop-like and pillar-like structures, between other numerous loops of various inclinations, some of them associated with NOAA Active Region 12672 near the east limb visible in SDO/AIA images (Figure 1 lower-right panel) . Emission in the Fe xiv green-line is detected out to a radial distance of about 120,000 km (166 arcseconds) above the limb, and to 160,000 km (220 arcseconds) above the limb near the active region (Figure 1, upper-left panel) .
The brightest active-region structures seen in the 2017 images have a signal strength of up to 3000 DN, while the average coronal structures near the Moon's limb have a signal of ≈ 1000 -2000 DN. An electronic gain of 3.8 was selected for the pre-amplifier of the Andor iXon 885 camera used for the green-line channel, i.e. each data number corresponds to 3.8 recorded photons. Assuming a Poisson statistical distribution of photon counts, it is therefore possible to search for intensity fluctuations [∆I/I] of 0.01. However, taking into account all instrumental effects, the effective signal-to-noise ratio calculated for recorded data was ≈ 60 or lower, hence we are able to search for intensity fluctuation [∆I/I] of ≈ 0.02 − 0.03. This accuracy is still considerably better (by a factor of ten) than for the camera used in our previous eclipse observations. The theoretical spatial resolution of our instrument is defined by the pixel size of the camera rather than the telescope aperture. Although seeing somewhat degraded this resolution, inspection of the image quality revealed that structures of ≈ 2 arcseconds were discernible, with a brief period (37 seconds to 42 seconds after second contact) when the seeing was worse. Incidentally, as with our previous observations, it was noticeable that coronal structures crossing each other resulted in enhanced intensities, as expected for optically thin plasmas.
Stability and Coalignment of Images
Although a very reliable equatorial telescope mount was employed, the pointing showed small-scale imperfections, which consisted of two components. The main one was a slow drift caused by errors in an adjustment of the drive axes, while the second was random sub-pixel and quasi-stochastic variations of the pointing in both axes. As a result, fine adjustments had to be applied to achieve stationary images, so that a photometric analysis could subsequently be applied.
For the exposure time of 250 ms that we used, the dark-current was ≈ 35 DN. After dark-current subtraction and flat-fielding, two different methods for image stabilization were applied. The first is based on an evaluation of momentary positions of the Moon's limb by fitting it with a circle using the automated MPFITELLIPSE least-square fitting procedure of C. Markwardt, part of the SolarSoftWare (SSW) package. Following this, we numerically shifted the images to positions consistent with the calculated expected one for the Moon with respect to the solar corona in the FoV of the camera. The second method is based on two-dimensional correlations of the sub-images of the bright coronal structures re-binned to ten-times-smaller sub-pixels, i.e. the resulting shifts have a 0.1 pixel accuracy. This method gave better stability of the resulting series of images, despite being very sensitive to, for example, the selection of the correlation fields and the image enhancements applied. However, even with the overall fine precision of the stabilization, small sub-pixel jitters of the shifted images persisted, mostly due to the influence of seeing as well as the gradual variation of local brightness due to the advancing Moon's limb. Figure 2 (upper panels) shows the temporal variations in the position of the images collected during the totality in the reference system of the CCD sensor. Variations of the positions were calculated using two-dimensional correlations of the coronal structures seen in the Fe xiv green line. The slightly non-linear drift across the FoV (shown in the first and third panel from the top) was caused by the imperfect adjustment of the rotation axes of the equatorial drive.
To detect periodic mechanical instabilities in the instrument, which might have affected the photometric analysis of the coronal emission, a wavelet transformation was used to search for periodic variations in the calculated X-and Y -shifts of the images. A similar procedure was applied in earlier analyses (see Rudawy et al. (2010) for details). No indications of any instrumental oscillations were found in the frequency range above 0.25 Hz. The results of the analysis are shown in Figure 2 (lower panels).
Photometric Data Analysis

Differential Images
To detect macroscopic displacements of the bright coronal structures viewed against the sky, we analyzed series of differential images. These were calculated as differences between i) consecutive images, ii) consecutive averaged images, and iii) images or averaged images separated by large time-steps. Although the averaged images have a lower temporal resolution, their decreased noise levels enable very small differences in a time sequence to be detected. After a thorough analysis of the differential images, we did not detect any macroscopic displacements of the observed coronal structures during the totality. Some very faint differences, barely visible on some images, are caused by under-corrected instabilities of the pointing rather than real motions of the coronal structures.
Search for Fast-Mode Magneto-Acoustic Waves
To search for any evidence of fast-mode magneto-acoustic waves travelling along coronal loops in our coronal images, we analyzed variations of the local brightness measured at numerous points selected along the bright structures. The paths were selected manually, following visible coronal structures, although some were chosen that did not do this. The selected paths appear to be representative of all visible structures. Figure 3 To enhance the statistical quality of the light curves, the data are smoothed using a ten-point running average. No systematic time shifts between the light curves along any path examined, and no propagating brightness variations along any path, were detected. Magnitudes of the detected local intensity variations, calculated as ratios of a standard de- viation to a mean value of the smoothed signal, were of the order of 0.01 -0.015 for all points along all paths.
Wavelet Analysis of the Coronal Emission
Short-period variations of coronal emission in the green line were searched for in the bright coronal structures, and within the entire FoV of the instrument. To detect short-lived periods of local oscillations, as well as search for a broad spectrum of frequencies, starting from 1.6 Hz down to 0.0025 Hz, we applied wavelet transform techniques (see, e.g., Torrence and Compo, 1998; Starck, Siebenmorgen, and Gredel, 1997 , for details). The Morlet wavelet was used, and confidence limits assigned to features in the wavelet power spectra that appeared to be significant at 95 % and 99 % levels as lower thresholds (see Rudawy et al., 2010 , for details). 
Wavelet Analysis in Selected Locations
Wavelet power spectra were calculated for numerous points located along randomly selected paths, following obvious loop-like coronal structures. Figure 4 shows an example of the wavelet analysis of brightness variations in a single pixel (marked A) in path No. 3 in our analysis. The wavelet power spectrum is overplotted with the cone of influence, i.e. a region of spectrum where periodicities do not have statistical significance because they are substantial fractions of the time span of the observations. The applied significance limit was 95 %. As can be seen from the top panel (time variations of the signal in point A), no obvious periodicity is evident, while the plot of global power against period more clearly shows that any possible periodicity has a less than 95 % significance.
Wavelet analyses of a large number of other points within coronal structures such as the one illustrated in Figure 4 typically resulted in insignificant power for the periodicities examined. However, many short-lived increases of the power spectra above the selected threshold level of 95 % were detected in the upper parts of the visible structures and indeed parts of the corona where there were no evident structures. These always had low signal levels, and it is clear that the apparent rapid variations can invariably be attributed to noise.
Wavelet analysis is resistant to variations in the mean signal level. However, to be certain that the results obtained are also correct in lower parts of the paths, where the coronal structures were gradually covered by the encroaching limb of the Moon, additional power spectra were calculated for data "clipped" to the period defined by when the signals were unaffected by the advancing limb. The clipped time series become shorter, but with a uniform signal level. Once again, we found no obvious evidence of periodicities within coronal structures in these regions.
Wavelet Analysis for All Points Inside the Complete FoV (Comprehensive Analysis)
From the foregoing, wavelet analysis shows that any apparent periodicities from locations along coronal features have only marginal significance. We made an additional search for periodic behaviour in pixels regardless of whether they are along specific coronal structures. Some 404,000 pixels were examined in this way using 429 intensity measurements, one for each image taken. Wavelet spectra were calculated for 71 frequencies from 1.6 Hz to 0.01 Hz, but our interest was focused on the range 1.6 -0.5 Hz, since waves with periods shorter than 2 seconds may have significance for coronal heating processes.
Results of the large-scale wavelet analysis can be visualised as two-dimensional images (henceforth referred to as maps) showing pixels for which the wavelet power spectra exceeded an assumed significance level (95 %) for a particular frequency and time span. A preliminary inspection of the maps showed only a random scatter of points, with no regular patterns or clusters, consistent with noise.
A more detailed analysis of the maps involves a four-dimensional data cube, with dimensions of two space, one time, and one frequency, with a practically unlimited number of time spans. To narrow the search and make the problem more tractable, we developed an automatic code that inspected time-series of power spectra for all pixels, searching for detections at a 95 % significance level over time spans of various lengths and starting points. We considered time spans of at least ten seconds (36 images), taking into consideration that a series of oscillations would be necessary for sufficient energy to be deposited in a coronal structure. As a result of this analysis, we obtained a set of maps with points indicating pixels that show periodicities with 95 % significance. As an example, Figure 5 shows such a map starting 84 seconds after the commencement of the observations and including a 10.6-second time span (images 300 to 336). There are 5076 points (white dots in the figure) for which the wavelet analysis indicates periodicities with 95 % significance. Their random distribution, without any alignment to particular coronal structures, shows clearly that they have no physical significance. Indeed, some are even present for pixels inside the Moon's disk where there is no coronal signal at all. All maps were examined by eye in the same way but only random distributions of apparent detections were found, uncorrelated with coronal structures. Any oscillations propagating along magnetic-loop structures due to magneto-acoustic waves need not have a single frequency -two or three may be present depending on the nature of the waves' initiation. To take account of this, we also searched for such oscillations, finding that most of the detections occurred in pixels with low signal levels in the outer corona or even within the Moon's disk, again clearly indicating that they are due to noise.
In summary, based on this extensive wavelet analysis, it appears that, in the two-minute duration of our observations and in the portion of the corona that we viewed, there are no apparent periodicities of any significance in the intensity data with frequencies in the range 0.5 -1.6 Hz (periods 2 -0.625 second).
Discussion and Conclusions
Our observations of a portion of the green-line corona during the total eclipse of 21 August 2017 reveal no evidence of intensity oscillations in coronal structures that might be indicators of short-period magneto-acoustic waves. These data were taken with a CCD camera with 16-bit intensity resolution, giving a sensitivity of ∆I/I ≈ 0.02 − 0.03 and a spatial resolution of ≈ 2 arcseconds. The 2017 observations covered the corona over the Sun's east limb which included an active region (NOAA 12672); the level of solar activity was low, with a background GOES X-ray level of B3. Similar wavelet and classical Fourier analysis previously used by us for the 1999 and 2001 eclipses led to similar conclusions that there were insignificant intensity oscillations. However, the analysis of Williams et al. (2001) indicated the presence of a travelling wave of intensity oscillation in the active region seen in the 1999 eclipse. Although of marginal significance, the wave appears to be sustained but with decreasing amplitude over an active-region loop length, with a period of ≈ six seconds. This was interpreted by Cooper, Nakariakov, and Williams (2003) as being a fast-mode magneto-acoustic wave with the amplitude modified by line-of-sight effects. In the present analysis, as well as examining 404,000 locations, specific searches were made for travelling waves in discernible loop structures, in particular the most prominent one in the green line images illustrated in Figure 3 . No such evidence was found. In attempting to understand this, a difference in the 1999 and 2017 eclipse observations is that the active region (NOAA 8656) seen in 1999 and analysed by Williams et al. (2001) was stronger and flare-prolific, while NOAA 12672 was weaker with little flare association.
Similar considerations may account for the fact that other observers making similar eclipse observations have found some evidence for periodic intensity fluctuations, in particular those of Cowsik et al. (1999) and Singh et al. (2009) . Cowsik et al. (1999) reporting on 1998 eclipse observations when solar activity was high, and with a wavelet analysis similar to ours, found intensity oscillations having multiple periods, the shortest being 6.9 seconds, and with amplitudes ∆I/I = 0.5 − 3.5 %. Singh et al. (2009) observed the 2006 eclipse, which was at a time of low solar activity, but nevertheless they obtained data for a strong active region on the limb, finding periods of ≈ 27 seconds in their green-line channel and a shorter period (20 seconds) in their red-line channel with intensity fluctuations of 2 % on the boundary of the active region. However, these oscillations have periods substantially longer than the high-frequency MHD waves capable of effectively transporting energy into the solar corona (frequencies > 0.5 Hz).
The relatively low temporal cadence of spacecraft images of the corona does not allow searches for localized brightness variations with ≈ 1 Hz frequencies, attributable to short-period MHD waves (Porter, Klimchuk, and Sturrock, 1994) . Possibly observations with CCD cameras mounted on large ground-based coronagraphs under excellent atmospheric conditions will in time be used to look for such brightness variations. Meanwhile, instruments with high-quality CCD cameras and telescopes employed during total solar eclipses, such as the instrument described here, offer the best means of making high temporal resolution observations needed to search for MHD waves involved in the coronal-heating process. The observations reported here suggest that intensity oscillations and travelling waves, at least at low solar-activity levels, are at best extremely subtle. This should help in planning for future total eclipses and, taking a cue from the CoMP coronagraph observations of Tomczyk et al. (2007) , a search for velocity fluctuations using observations of the profile of the coronal green or red lines in combinations with intensity observations could be more revealing. We are at present investigating this as a means of looking for short-period wave motions during solar eclipses, and in due course we will be reporting progress and results.
